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41'f;*11 '-64 74* *.-d.. The aims of this program are (1) to evaluate systematically the susceptibility of iron-nickel-chromi um alloys to stress-corrosion cracking in chloride-and hydroxide-containing environments, and (2) to establish a reliable model for stress-corrosion cracking in iron-chromium-ni ckel alloys. The general experimental program is evaluating commercial and specially prepared alloys over the·range of iron and nickel ratios and up to 40% chromium. Studies are being conducted in the areas of stress-corrosion experiments, electrochemistry, and physical metallurgy. Important objectives of this program are (1) to integrate the studies in the stress corrosion, physical metallurgy, and electrochemical areas; and (2) to conduct the studies with a high degree of self-consistency. Through this approach it is expected that the model for cracking which is eventually developed will have a high degree of credibility.
II.
STRESS-CORROSION CRACKING EXPERIMENTS

A. RECIRCULATING AUTOCLAVE ·SYSTEM
During the past quarter additional work has been required to "de-bug" the circulating autoelave system. This has involved mainly work on timeto-cracking circuitry, safety.interlocks activated by temperature and pressure alarms, pump control, pressure seals, and stressing jigs. It appears that the system is now ready for·running preliminary experiments and these should begin shortly.
B. SCOPING STUDIES OF ALLOY COMPOSITION
The autoclave protion of a preliminary scoping study of commercial and special alloys is about complete in a 600'F, 0.1 w/0 NaCl, 100 psi oxygen over pressure environment. The details of this experiment were described in the previous progress report. Available additional results are summarized in Table I . The wires used in these tests are 0.015-inch diameter and have received identical fabrication treatments. The final treatment is to strand anneal at 2200'F.
The stay time in the furnace is approximately 10 seconds following which they are quenched. Specimens are exposed in these scoping studies. using their as-received surface. Studies of effects of special surface preparations will be undertaken at a later date. Figure 4 shows alloy . The non-stressed specimen exhibits pits about 0.003" deep. The stressed specimen was oxidized completely through in some cases and in other locations there was intense loca l oxid atio n. Figure 5 shows Incoloy-800 in the stressed and non-stressed conditions. Except for the intense localized oxidation there was no other attack shown in the stressed specimen. There was no observable surface reaction on the non-stressed specimen. Figure 6 shows alloy 50-P (8 Fe-76.9 Ni-15 Cr-0.1 P). The non-stressed specimen shows no obvious surface oxidation or localized attack; the stressed specimen shows pitting plus intergranular attack. Figure 7 shows alloy 54-P (64.9 Fe-15 Ni-20 Cr-0.1 P). The stressed alloy exhibits heavy transgranular cracking. Two entirely different cracking patterns are observed. One is heavily oxidized inside the crack and the other is not. There is some tightly adherent oxide on the surface of the stressed specimen but none on the non-stressed. Figure 8 shows alloy 54-S (same as 54-P but 0.1 a/0 S). The stressed specimen exhibits transgranular cracking, heavy local pitting-oxidation, and a thin buckled oxide. The non-stressed specimen is not obviously affected.
It is not appropriate at this time to offer much speculation on the significance of the results described above and in the figures. However, several general preliminary observations can be made as follows:
(1) In the absence of stress there is very little oxidation, pitting, or other attack except in the verylow-alloy (alloy 2, for example) materials. (2) The presence of stress promotes oxidation, cracking, and pitting, the extent of each dependin g greatly on the alloy. Reasons for such phenomena are generally apparent (i.e., breakdown of local passive conditions) but elucidation of the details of the process require further work.
(3) Cracking can be both intergranular and transgranular in this alloy system.
(4) The environmental conditions are generally severe and the uncorre cted 40,000 psi applied stress is general ly above the yield. See Table II in Section III for room temperature mechanical properties.
l. ..,*: *6 #etfk <+ .44. , 4 ,9 1 . middle is stressed, bottom is stressed.
C. SCOPING STUDIES OF ENVIRONMENTAL EFFECTS
The results described in the previous section raise numerous questions -one of the most important relating to the role of the environment. To this end scoping studies have been initiated in which a series of alloys is being systematically exposed to various components of the water-oxygen-chlori de environment (i.e., water, water-oxygen, waterchloride, oxygen). As of the date of this report, the water environment study has been completed. Following this, the water-oxygen, waterchloride, water-hydrogen, water-chloride-oxyg en, and other environments will be used, as appropriate.
In the 'water test, double-distilled water was used; the autoclave was filled to the top and the test assembly inserted; the autoclave was then degassed by heating to 220'F leaving the top valve open; the top valve was then closed and temperature increased to 600'F; the test duration was 24 hours.
In general there was very little attack on the stressed specimens in the water environment. A comparison between stressed and non-stressed alloys is shown in Figs. 9 and 11. Figure 10 shows alloy 60 (15 Fe-65 Ni-20 Cr) in water and water-oxygen-chloride environments, both specimens at 40,000 psi. Figure 10 
MECHANICAL PROPERTIES
In order for the stress-corrosion cracking experiments to be conducted at same stress relative to the mechanical capability of a given material, it is necessary to determine the tensile properties of all compositions as a function of temperature.
Tensile properties of the various alloys at room temperature are summarized in Table II . There is little comment appropriate at this time.
Work is continuing to extend these data.to higher temperatures. Some work will also be done to determine the effects of annealing time and grain size.
It is planned generally to obtain the tensile properties on all alloys from room temperature to 1200'F, at 200'F increments. The stress-corrosion experiments will be stressed at some fractional value of the yield strength and comparison from alloy to alloy will be made on the basis of yield point fraction. r.r--9:'. . ----e"SP=...,2. -7/ -'13 :*129*3.'-1'I . -2-3.Pr-I"-:r, "t.'-· . 1. ' . 
ELECTRON METALLOGRAPHY
Work continues aimed at characterizing the details or surface structure of specimens exposed to environments which promote stress-corrosion cracking. The purposes of this work are to (a) elucidate some of the micro-details of initial stages of surface attack and (b) determine whether certain surface structures can be correlated with susceptibility to cracking.
Surface studies using bromine stripping of oxide films are under way and surfaces of several commerical stainless steels and high-nickel alloys have been examined. The specimen in a stressed condition is first exposed to boiling MgC12 for a given length of time. The specimen is then oxidized for 45 minutes at 800'F in NaNOs-KN03 salt. The film is stripped with a bromine (2-8%) methanol solution and then is viewed in the electron microscope.
The alloys examined to date are Type 304 stainless, Type 309 stainless, Type 310 stainless, Incoloy-800, Incoloy-825, and Inconel-600. The above materials have been studied in the as-received condition and Type 304 and 309 in the annealed condition.
Typical observed structures are shown in Figs. 11-15. There appear to be obvious similarities and differences in various structures. For example, the as-received stainless steels show similarities.
There are relatively long parallel grouping which may be due to martensite plates or defect structure at slip lines.
There is a background structure, more apparent in annealed than in as-received, which has the appearance of dissolution ledges. Finally (most pronounced in Type 304) there are what appear to be spikes (see Fig. 11 ) extending from the parallel structure. These spikes may be the result of preferential tunneling attack, as has been suggested by some investigators, or may be related primarily to a surface attack. Future studies are planned to clarify these questions.
The annealed Type 304 and 309 appear generally similar, as shown in
Figs. 12 and 14. There is a background of ledge-like structure common to both materials. In addition, there are dark circular "blobs" which appear to be pits.
They may be related to some of the preferential oxidation· seen in Figs . 1-8. The higher Ni alloys shown in Figs. 16-18 exhibit fewer structural details having the regularity observed in the stainless steels above. There is evidence of irregular boundaries and some extracted precipitates. In the Inconel-600 there is evidence of square structure, possibly etch pits. There is little regularity in the structural detail of Incoloy-825, although some evidence of dissolution, as indicated by a wavelike structure, exists.
V. ELECTROCHEMICAL STUDIES
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